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(57) ABSTRACT

A system and method for delivering and assembling a bifur-
cated stent 1n a bifurcated vessel having a first lumen and a
second lumen. The system and method 1ncludes the use of
three balloon catheters wherein at least one of the catheters 1s
a fixed wire catheter. A first segment of the biturcated stent
having a stem portion, a first leg portion, a longitudinal bore
extending therethrough and a branch aperture formed 1n the
side wall 1s mounted on two of the balloon catheters and
delivered to the treatment site where it 1s implanted into the
first lumen. A second segment of the bifurcated stent having
a proximal end, a distal end and a longitudinal bore extending
therethrough 1s mounted on the third balloon catheter and 1s
delivered to the treatment site such that the distal end extends
into the second lumen and the proximal end extends into
longitudinal bore of the first segment. The second segment 1s
then implanted into the second lumen and secured to the
branch aperture of the first segment to form a bifurcated stent.

12 Claims, 16 Drawing Sheets
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SYSTEM AND METHOD FOR DELIVERING A
BIFURCATED STENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of application
Ser. No. 11/339,317, filed Jan. 24, 2006, now U.S. Pat. No.
7,371,255, which 1s a continuation of application Ser. No.
10/066,735, filed Feb. 6, 2002, now U.S. Pat. No. 6,989,026,
which 1s a division of application Ser. No. 09/575,957 filed
May 23, 2000, now U.S. Pat. No. 6,440,165, which 1s a
continuation-in-part of application Ser. No. 09/072,846, filed
May 5, 1998, now U.S. Pat. No. 6,251,133, which 1s a con-
tinuation-in-part of application Ser. No. 09/049,842, filed
Mar. 27, 1998, now U.S. Pat. No. 6,090,133, which 1s con-
tinuation of application Ser. No. 08/840,612, filed on Apr. 29,
1997, now U.S. Pat. No. 5,755,734, which 1s a division of
application Ser. No. 08/642,297, filed May 3, 1996, now

abandoned.

FIELD OF THE INVENTION

The present 1invention relates to stents, and more particu-
larly methods of delivering a bifurcated stent.

BACKGROUND OF THE INVENTION

Stents are well known 1n the art. They are typically formed
of a cylindrical metal mesh, which can expand when pressure
1s internally applied. Alternatively, they can be formed of wire
wrapped 1nto a cylindrical shape or sheets of material formed
into a cylindrical shape.

Stents are devices that are usually implanted within bodily
conduits including the vascular system to reinforce collaps-
ing, partially occluded, weakened, or abnormally dilated sec-
tions of the blood vessel. Stents also have been successtully
implanted i other areas, e.g., the urinary tract or the bile duct
to reinforce such bodily conduits.

U.S. Pat. No. 4,994,071 (MacGregor) discloses an expand-
able, bifurcating stent having a main cylindrical lattice
formed from interconnected, flexible wire. Two additional
cylindrical lattices, having smaller diameters than the main
lattice, are similarly constructed. The main lattice includes a
flexible wire interconnecting the main lattice to one of the
additional lattices. A second flexible wire interconnects the
main lattice to the other additional lattice. The flexible wires
form backbones that extend axially along the length of the
main lattice and along each of the additional lattices. One
disadvantage of this bifurcating stent 1s the complex nature of
the 1nterconnection of the flexible wires forming the back-
bones with the loop structure of each lattice.

Thus, embodiments described 1n the atorementioned U.S.
Pat. No. 6,251,133 provide methods of making a stent which
includes a first tubular member having a branch aperture. The
tubular member may be inserted in a blood vessel, for
example, with the branch aperture aligned with a side branch
vessel. A second tubular member having a longitudinal bore
may then be disposed and secured within the branch aperture
of the first tubular member and, for example, extending into
the branch vessel, with the longitudinal bore of the second
tubular member 1n fluid communication with the longitudinal
bore of the first tubular member.

Typically, two “over-the-wire” balloon catheters are used
for delivering and implanting a bifurcated stent. One of the
catheters delivers a portion of the bifurcated stent to the main

vessel and the other catheter delivers a portion of the bifur-
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cated to the side branch lumen. Each catheter has a lumen
which 1s dimensioned to receive a guide wire. The guide wires
are routed through the vasculature such that the distal end of
one of the guide wires extends beyond the target site in the
main vessel and the distal end of the other guide wire extends
beyond the target site 1n the side branch lumen. The proximal
end of each guide wire 1s then 1nserted into the distal end of
the guide wire lumen of one of the catheters and the catheters
are routed through the vasculature over the guide wires to the
target site. When the bifurcated stent portions are positioned
within the treatment site, the catheter balloons are inflated and
the stent portions are expanded and implanted into the vessel
walls. The stent portions may be delivered to and/or
implanted at the target site together or sequentially.

The use of two “over-the-wire” catheters with separate
guide wires can result in wire crossings within the vasculature
which may create confusion to the physician as to which of
the guide wires leads to the main vessel and which of the
guide wires leads to the side branch lumen. This can result 1in
a significant delay 1n the procedure. For example, 11 the cath-
cter carrying the stent portion intended for the main vessel 1s
advanced along the guide wire leading to the side branch
lumen, the distal ends of the guide wires must be switched
between the main vessel and the side branch lumen or the
catheter must be withdrawn from the guide wire and rein-
serted onto the other guide wire. However, the most serious
problem resulting from such wire crossings occurs during the
advancement of the two “over-the-wire” catheters on the
wires. Specifically, when the two catheters reach the point of
a wire crossing, the catheters are positively stopped at that
position and cannot be advanced any further along the guide
wires. Under these circumstances, the only solution 1s to
withdraw at least one of the guide wires and reposition 1t
within the vasculature. This 1s both risky and time consuming.
Further, when the catheters are advanced toward the treat-
ment site together, the combined profiles of the portions of the

catheters with the guide wire lumens may prevent 1nsertion
through constricted areas of the vasculature.

One particular delivery method of a bifurcated stent, such
as the stents disclosed 1n U.S. Pat. No. 6,251,133, to the target
area includes mounting the stent on two expandable balloons
of the same length. Both expandable balloons are advanced
along separate guide wires toward the target site together, or
are advanced mdividually 1n sequential order. One expand-
able balloon 1s to be disposed 1n the main vessel, and one the
other 1s to be disposed 1n the side branch lumen of the bifur-
cated vessel. Typically, the side branch balloon 1s the same
length or shorter than the main vessel balloon. Upon reaching
the target area 1n the vessel, the main vessel becomes very
crowded due to both balloons filling up the lumen of the main
vessel. This causes the tip of the side branch balloon to be
pressed against the main vessel, and causes difficulty 1n ori-
enting the balloon into the side branch lumen, and hinders the
ability of the side branch balloon to bend 1nto the side branch
vessel.

SUMMARY OF THE INVENTION

Embodiments of the present invention solves these and
other disadvantages of the prior art by providing a side branch
balloon catheter whose tip leads the tip of the main vessel
balloon catheter by few millimeters, so that the side branch
balloon leads the delivery system while advancing towards
the target area. The side branch balloon catheter reaches the
target area first, allowing for greater freedom of the side
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branch balloon to bend into the aperture of the side branch
vessel, due to less crowding of balloon catheter 1n the main
vessel.

Another embodiment of the present invention provides a
biturcated stent delivery system having one over the wire
catheter and one fixed wire catheter. This system only
requires one guide wire and, therefore, eliminates any pos-
sible confusion that may result from wire crossing in the
vasculature. The use of a single guide wire 1n this system also
climinates the possibility of wire crossings that result in the
catheters becoming positively stopped at and unable to be
advanced beyond the location of the wire crossing. In addi-
tion, since the fixed wire catheter does not include a guide
wire lumen and thus has a smaller profile than an over-the-
wire catheter, this system provides a smaller combined profile
which enables the system to pass through more severe con-
strictions 1n the vasculature when the catheters are advanced
to the target site together.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a stem and first leg portion and a second leg
portion used to form an embodiment of a bifurcated stent
manufactured in accordance with this invention;

FI1G. 2 shows guide wires disposed 1n the trunk lumen and
branch lumen to be treated;

FI1G. 3 shows the stem and first leg portion shown 1n FIG.
1 disposed on catheters and guide wires prior to introduction
into the lumen to be treated;

FIG. 4 shows the stem and first leg portion shown 1n FIG.
1 after 1ithas been delivered to the bifurcation to be treated and
prior to 1ts expansion;

FIG. § shows the stem and first leg portion shown 1n FIG.
4 after 1t has been expanded;

FIG. 6 shows expansion of the branch aperture;

FI1G. 7 shows the unexpanded second leg portion disposed
in the branch aperture;

FIG. 8 shows the expansion of the second leg portion
shown 1n FIG. 7;

FIG. 9 shows the assembled bifurcated stent disposed in
the bifurcated lumen to be treated;

FIG. 10 shows a guide wire disposed in the side branch
lumen to be treated;

FIG. 11 shows another embodiment of the bifurcated stent
delivery system having a fixed wire catheter and an over-the-
wire catheter prior to introduction into the lumen to be
treated;

FIG. 12 shows the stem and first leg portion of the bifur-
cated stent after 1t has been delivered to the lumen to be
treated by the stent delivery system shown 1n FIG. 11.

FI1G. 13 shows the stem and first leg portion shown 1n FIG.
12 after 1t has been expanded;

FI1G. 14 shows the expansion of the branch aperture;

FIG. 15 shows the unexpanded second leg portion of the
bifurcated stent after it has been delivered to the branch
lumen:;

FIG. 16 shows the expansion of the second leg portion of
the bifurcated stent 1n the branch lumen; and

FI1G. 17 shows another variation of the embodiment shown
in FIGS. 10-16.

DETAILED DESCRIPTION

FI1G. 1 1s a general representation of one type of a stent with
which the present invention may be used. The stent comprises
two portions, which are deployed serially i two steps and
assembled within the patient to form a bifurcated stent. FIG.
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4

1 shows stem and first leg portion 110 provided with a longi-
tudinal bore 131 and having a proximal end 115 defining a
stem portion 125 and a distal end 120. Second leg portion 140
1s provided with a longitudinal bore 132 and has a proximal
end 145 and a distal end 150. Stem and first leg portion 110
and second leg portion 140 may be sized and patterned or
ctched as previously discussed. A branch aperture 135 1is
disposed between the proximal end 115 and the distal end 120
of stem and first leg portion 110. The branch aperture 135 1s
s1ized to recerve second leg portion 140 and 1s adapted to
engage and secure the second leg portion 140 when 1t has
been expanded within the branch aperture 135. Second leg
portion 140 1s sized and adapted to engage and be secured into
branch aperture 135 upon expansion.

FIGS. 2 to 9 show how the bifurcated stent 1s assembled
within a bifurcated lumen. As shown 1n FIGS. 2 to 9, the area
to be treated 1s a bifurcated lumen having a first or trunk
lumen 190 and a second or branch lumen 195. As shown 1n
FIG. 2, a first guide wire 155 1s mtroduced into the main
lumen 190 and a second guide wire 156 1s introduced 1nto the
branch lumen 195.

As shown 1n FIG. 3, a balloon expandable stem and first leg
portion 110 of a bifurcated stent 1s disposed on the tip of a first
balloon catheter 170 so that the balloon 175 1s disposed within
a longitudinal bore 131. A second balloon catheter 171 1s then
introduced into longitudinal bore 131 of stem and first leg
portion 110 and 1s advanced so that the balloon 176 1s dis-
posed within aperture 135, with 1ts tip extending further for-
ward than the tip of the first balloon catheter 170. As 1llus-
trated, the tip of balloon 176 leads the whole system. First
catheter 170 1s then mounted on first guide wire 155 and
second catheter 171 1s mounted on second guide wire 156.
The balloon lengths are selected 1n conventional fashion; the
balloon 176 may be shorter or longer than the balloon 175, so
long as 1ts tip 1s positioned so as to lead.

As shown 1 FIG. 4, the unexpanded stem and first leg
portion 110 1s guided to the area to be treated so that first leg
portion 130 1s disposed within trunk lumen 190 and branch
aperture 135 communicates with branch lumen 195. Because
the tip of balloon catheter leads the whole system, 1t 1s able to
get mto the side branch 195 before the rest of the system
reaches the area. This greatly facilitates entry of the catheter
into, and alignment of the branch aperture 135 with, the side
branch 195.

Guide wire 156 facilitates the orientation of the branch
aperture 135 with the branch lumen 195. The size of the
conventional catheters and balloons 1s not to scale and details
well known to those skilled 1n the art have been omitted for
clarity. In one embodiment, balloon 175 1s inflated which
causes the stem and first leg portion 110 to expand, as shown
in FIG. §, to secure 1t 1n the desired position. After expansion,
the external wall of stem and first leg portion 110 would
contact the interior walls of trunk lumen 190; however, a gap
has been intentionally left for clarity. The balloon 175 on first
catheter 170 1s left inflated and the balloon 176 on second
catheter 171 1s then inflated to enlarge the branch aperture 135
as shown 1n FIG. 6. As the branch aperture 135 1s enlarged a
portion of the stent defining the branch aperture 1335 1s pushed
outward to form a branch securing lip 180.

In this embodiment, balloons 175 and 176 are deflated,
second catheter 171 1s withdrawn, and second guide wire 156
1s ledt 1 place in the branch lumen 195. Second leg portion
140 1s then applied to second catheter 171 so that balloon 176
1s disposed 1n longitudinal bore 132 and second catheter 171
1s then applied to second guide wire 156. Second leg portion
140 1s then guided to, and introduced into, the longitudinal
bore 131 of the stem and first leg portion 110 and 1s advanced
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and passed through branch aperture 135 so that the distal end
150 of the second leg portion 140 protrudes into the branch
lumen 195 and the proximal end 145 commumnicates with
longitudinal bore 131, as shown in FIG. 7. The balloon 176 on
second catheter 171 1s partially inflated and the balloon 175
on first catheter 170 1s then partially inflated to a pressure
substantially equal to the pressure in balloon 176. Both bal-
loons 175 and 176 are then simultaneously 1nflated to sub-
stantially equal pressures.

As shown 1n FIG. 8, inflation of the balloon 176 on second
catheter 171 causes second leg member 140 to expand so that
its external walls engage and are secured to the area surround-
ing aperture 135. Inflation of the balloon 175 on the first
catheter 170 prevents stem and first leg portion 110 from
collapsing when balloon 176 1s inflated. After expansion, the
external walls of second leg 140 would contact the inner wall
of lumen 195; however, a gap has been intentionally left for
clarity. The balloons 175 and 176 are detlated, catheters 170
and 171 and guide wires 155 and 156 are withdrawn, and the
assembled bifurcated stent 160 1s leit 1n place as shown 1n
FIG. 9.

An alternative embodiment of a method of making a bifur-
cated stent comprises the steps of preparing a first expandable
tubular member 110 having a proximal end 115 and a distal
end 120 and a longitudinal bore 131 therethrough. The first
tubular member 110 1s provided with a branch aperture 135
disposed between the proximal end 115 and the distal end
120. The branch aperture 135 communicates with the longi-
tudinal bore 131 of the first expandable tubular member 110
and the aperture 135 1s sized and adapted to receive and secure
a second expandable tubular member 140. The first expand-
able tubular member 110 1s delivered to a bifurcated vessel
having a first lumen 190 and a second lumen 195 so that the
first expandable tubular member 110 1s disposed within the
first lumen 190 and the branch aperture 135 communicates
with the second lumen 195. The branch aperture 1335 1s
aligned with the second lumen 195 and may be widened by
first intlating the balloon 176 of FIG. 4. As specific applica-
tions dictate, the portion of the first expandable tubular mem-
ber defining the branch aperture 135 may be adapted to form
a branch securing lip when the branch aperture 135 1is
expanded a suilicient amount by inflating the balloon 176.

As shown 1n FIG. 5, the first expandable tubular member
110 1s then expanded an amount suflicient to secure the first
expandable tubular member 110 in the first lumen 190. A
second expandable tubular member 140 1s prepared having a
proximal end 145 and a distal end 150 having longitudinal
bore 132 therethrough. The second expandable tubular mem-
ber 140 1s delivered 1nto the branch aperture 133 so that the
distal end 150 of the second expandable tubular member 140
1s disposed within the second lumen 195 and the proximal end
145 ofthe second expandable tubular member 140 1s disposed
within the branch aperture 135 of the first tubular member 110
and so that the longitudinal bore 132 of the second expand-
able tubular member 140 1s 1n fluidd communication with the
longitudinal bore 131 of the first longitudinal tubular member
110. As shown 1n FIG. 6, the second expandable tubular
member 140 1s then expanded in an amount sufficient to
secure the second expandable tubular member 140 within the
second lumen 195 and within the branch aperture 135 of the
first expandable tubular member 110.

In one particular embodiment, a first guide wire 1535 1s
delivered into the first lumen 190 of a bifurcated vessel having
a first lumen 190 and a second lumen 195 and a second guide
wire 156 1s delivered into the second lumen 1935 of the bifur-
cated vessel. A first expandable tubular member 110 1s pre-
pared having a proximal end 115 and a distal end 120 and a
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longitudinal bore 131 therethrough. The first expandable
tubular member 110 1s provided with a branch aperture 135
disposed between the proximal end 115 and the distal end
120. The branch aperture 135 communicates with the longi-
tudinal bore 131 and the branch aperture 135 1s sized and
adapted to recerve and secure a second expandable tubular
member 140. The first expandable tubular member 110 1s
mounted on a first balloon catheter 170 and the first balloon
catheter 170 1s mounted on the first guide wire 155.

The first expandable tubular member 110 1s delivered to the
first lTumen 190 of the bifurcated vessel so that the first
expandable tubular member 110 1s disposed within the first
lumen 190 and the branch aperture communicates 135 with
the second lumen 195. A second balloon catheter 171 1s
mounted on the second guide wire 156 and the balloon por-
tion 176 of the second balloon catheter 171 1s delivered 1nto
the side-branch aperture 135. In accordance with the present
invention, both balloons may be inserted through the stem
portion of the tubular member and delivered to the bifurcated
vessel simultaneously. As explained previously, the tip of
balloon catheter 171 leads the whole system, permitting 1t to
be more easily aligned with and 1nserted 1n the branch lumen
195.

The second balloon catheter 171 1s inflated to align the
branch aperture 135 with the second lumen 195. It may addi-
tionally be inflated sufficiently to widen the branch aperture
135. The first balloon catheter 170 may then be inflated to
expand the first expandable member 110 1n an amount suifi-
cient to secure the first expandable member 110 in the first
lumen 190. The first 170 and second 171 balloon catheters are
deflated and the second balloon catheter 171 1s removed.

A second expandable tubular member 140 1s prepared hav-
ing a proximal end 145 and a distal end 150 having longitu-
dinal bore 132 therethrough. The second expandable tubular
member 140 1s mounted on the second balloon catheter 171.
The second expandable tubular member 140, mounted on the
second balloon catheter 171, 1s delivered into the branch
aperture 135 so that the distal end 150 of the second expand-
able tubular member 140 1s disposed within the second lumen
195 and the proximal end 145 of the second expandable
tubular member 140 1s disposed within the branch aperture
135 of the first tubular member 110 and so that the longitu-
dinal bore 132 of the second expandable tubular member 140
1s 1n fluid communication with the longitudinal bore 131 of
the first longitudinal member 110. The first balloon catheter
170 may be inflated. The second balloon catheter 171 1s
inflated to expand the second expandable tubular member 140

in an amount suificient to secure the second expandable tubu-
lar member 140 within the second lumen 195 and within the
branch aperture 135.

As specific applications dictate, the portion of the first
tubular stent 110 defining the side branch aperture 135 may be
adapted to form a branch securing lip when the branch aper-
ture 135 1s expanded a sufficient amount. In one embodiment,
the first balloon catheter 170 1s inflated before the second
balloon catheter 171 1s inflated and the first balloon catheter
170 1s left inflated until the second expandable tubular mem-
ber 140 1s secured within the branch aperture 135 by the
second balloon catheter 171. In another embodiment, the first
balloon catheter 170 and the second balloon catheter 171 are
inflated simultaneously.

According to an alternative system of the present imven-
tion, at least one fixed wire catheter 1s used to deliver and

assemble a bifurcated stent within a bifurcated lumen. FIGS.

10-17 show an embodiment of this alternative system having
one fixed wire catheter and one over-the-wire catheter. The

fixed wire catheter shown 1n these figures 1s an embodiment
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disclosed 1n U.S. patent application Ser. No. 10/228,052 filed
Aug. 27,2002, now U.S. Pat. No. 7,172,619, the disclosure of
which 1s incorporated herein by reference. It will be under-
stood that any other suitable fixed wire catheter can be used 1n
place of the fixed wire catheter depicted in the FIGS. 11-16.
The use of at least one fixed wire catheter 1n this system
climinates the use of two guide wires and, 1n turn, the possi-
bilities of wire crossings which may lead to (1) confusion as
to which guide wire terminates 1n the main vessel and which
guide wire terminates 1n the side branch lumen and/or (2) the
two catheters becoming positively stopped at and unable to be
advanced beyond the location of the wire crossing. In addi-
tion, the use of at least one fixed wire catheter provides a
delivery system having a smaller overall profile which
cnables the system to better navigate constrictions in the
vasculature.

As shown 1n FIG. 10, a guide wire 256 15 introduced 1nto
the side branch lumen at the target site for guiding the over-
the-wire catheter 271 1nto side branch lumen 295. As will be
described with reference to FIGS. 11-16, the fixed wire cath-
eter 270 1s mntroduced 1nto main vessel 290 to deliver and
assemble the biturcated stent. As will be described below
with regard to FIG. 17, 1t will be understood that the orienta-
tion of the over-the-wire catheter 271 and the fixed wire
catheter 270 may be reversed, such that the guide wire 256 1s
introduced 1nto the main vessel 290 to guide the over-the-wire
catheter 271 1nto the main vessel and the fixed wire catheter
2770 1s disposed 1n side branch lumen 295.

As shown 1n FIG. 11, the balloon 275 of fixed wire catheter
2770 1s disposed within bore 231 of the balloon expandable
stem and first leg portion 210 of a bifurcated stent. Balloon
276 of over-the-wire catheter 271 1s also disposed within bore
231 such that a portion of balloon 276 protrudes through
aperture 233 and the distal end of balloon 276 extends beyond
the distal end of balloon 275. This system 1s advanced to the
treatment site by inserting the proximal end of guide wire 256
into the distal end of the guide wire lumen of catheter 171 and
pushing the system along guide wire 256.

As shown 1n FIG. 12, the system 1s disposed 1n the treat-
ment site such that the unexpanded stem and first leg portion
210 are positioned 1n the main vessel 290 and the branch
aperture 235 communicates with the side branch lumen 295.
As further shown 1n FIG. 12, over-the-wire catheter 271 1s
routed along guide wire 256 such that the distal end of balloon
276 enters side branch lumen 295. This also facilitates the
orientation of the system such that branch aperture 235 is
aligned with side branch lumen 295.

As shown 1n FIG. 13, stem and first -leg portion 210 of the
biturcated stent 1s expanded and implanted into the interior
wall of main vessel 290 by inflating balloon 275 of fixed wire
catheter 270. As noted above with reference to FIG. 5. a gap
between the stem and first leg portion 210 and the interior
wall of main vessel 290 has been intentionally included in
FIGS. 13-16 for clarity. Referring now to FIG. 14, while
balloon 275 1s still in an inflated state, balloon 276 of over-
the-wire catheter 271 1s inflated to enlarge branch aperture
235 such that 1t matches the dimensions of side branch lumen
295. Further, as the branch aperture 235 1s enlarged a portion
of the stent defining the branch aperture 235 1s pushed out-
ward to form a branch securing lip 280. Balloons 275 and 276
are then deflated and the over-the-wire catheter 271 1s with-
drawn along guide wire 256 and replaced with another over-
the-wire catheter having a second leg portion 240 of the
bifurcated stent mounted to the distal end of balloon 276.

As shown in FIG. 15, over-the-wire catheter 271 1s
advanced along guide wire 256 into longitudinal bore 231 of
the stem and first leg portion 210 and guided through branch
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aperture 235 so that the distal end 250 of second leg portion
240 protrudes into side branch lumen 2935 and the proximal
end 245 1s positioned within longitudinal bore 131.

Asshownin FIG. 16, balloons 275 and 276 of catheters 270
and 271 are partially inflated to substantially equal pressures.
The mflation of balloon 276 on catheter 271 causes the second
leg portion 240 to expand and implant into the interior wall of
side branch lumen 2935 completing the assembly of the bifur-
cated stent. The gap between second leg portion 240 and the
interior wall of side branch lumen 295 has been intentionally
included 1n FIG. 16 for clarity. Inflation of balloon 275 of
catheter 270 prevents the stem and first leg portion 210 from
collapsing when balloon 276 1s intlated. The balloons 275 and
276 are then deflated and catheters 270 and 271 are with-
drawn.

FI1G. 17 shows a variation ot the alternative embodiment
described above with reference to FIGS. 10-16. As shown 1n
F1G. 17, the orientation of the orientation of the over-the-wire
catheter 271 and the fixed wire catheter 270 has been
switched such that the guide wire 256 and over-the-wire

catheter 271 extend into the main vessel 290 and the fixed
wire catheter 270 extends into the side branch lumen 295.

The procedure for assembling and implanting a bifurcated
stent using this arrangement of the over-the-wire catheter 271
and fixed wire catheter 270 follows the same procedure
described above with reference to the alternative system
shown in FIGS. 10-16. Namely, after the system 1s disposed at
the treatment site with the aperture 235 aligned with the side
branch lumen 295, over-the-wire catheter balloon 276 1s
inflated to expand and implant the stem and first leg portion
210 into the interior wall of main vessel 290. Next, while
balloon 276 1s still inflated, balloon 275 of fixed wire catheter
2770 1s 1nflated to enlarge branch aperture 235 to match the
dimensions of side branch lumen 295. Balloons 275 and 276
are then deflated and fixed wire catheter 270 1s withdrawn
from the vasculature and replaced with another fixed wire
catheter having a second leg portion 240 of the bifurcated
stent mounted on balloon 275. This fixed wire catheter 1s
advanced through side branch aperture 233 and 1nto the side
branch lumen 2935 such that the distal end 250 of the second
leg portion 240 protrudes into side branch lumen 2935 and the
proximal end 245 1s positioned within the longitudinal bore
231 of the stem and first leg portion 210. Balloons 275 and
276 are partially inflated to substantially equal pressures
causing second leg portion 240 to expand and implant into the
interior wall of side branch lumen 295. Balloons 275 and 276
are then detlated and catheters 270 and 271 are withdrawn
from the vasculature.

It will be understood that a second fixed wire catheter could
be used 1n place of the over-the-wire catheter used for deliv-
ering the stem and first leg portion 210 in the alternative
systems shown 1n FIGS. 10-17. In addition, a third fixed wire
catheter could be used for delivering the second leg portion
240 1n the alternative system shown 1n FIGS. 10-16.

The stent with which the methods of the present invention
may be used can be of any construction that provides first
expandable tubular member 110 having a proximal end 115
and a distal end 120 and a longitudinal bore 131 therethrough,
with a branch aperture 135 disposed between the proximal
end 115 and the distal end 120 commumicating with the lon-
gitudinal bore 131 of the first expandable tubular member 110
and aperture 135 1s sized and adapted to receive and secure a
second expandable tubular member 140. Exemplary embodi-
ments of structures which meet this requirement and the
method of making them are disclosed 1n U.S. application Ser.
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No. 09/575,957, particularly in FIGS. 22 to 34. The disclo-
sure of Ser. No. 09/575,957 1s hereby incorporated by refer-
ence 1n 1ts entirety.

What 1s claimed 1s:

1. A method of delivering a stent using a system, said
system comprising a {ixed wire catheter having a proximal
end, a distal end and a first balloon disposed adjacent the
distal end; a second catheter having a proximal end, a distal
end and a second balloon adjacent the distal end; and a first
expandable tubular member mounted on the fixed wire cath-
eter and the second catheter, with said first tubular member
having a proximal end forming a stem portion, a distal end
forming a first leg portion, a longitudinal bore extending
through the stem portion and the first leg portion, and a branch
aperture disposed between the proximal end and the distal
end, where the distal end of the second catheter extends {from
the proximal end of the first tubular member through the first
leg portion and the distal end of the fixed wire catheter
extends from the proximal end of the first tubular member
through the branch aperture, the method comprising:

a) delivering the first expandable tubular member, fixed
wire balloon catheter and second balloon catheter to a
bifurcated vessel having a first lumen and a second
lumen;

b) advancing the distal end of the fixed wire catheter into
the second lumen; and

¢) inflating the first balloon sutfficiently to align the branch
aperture with the second lumen and to form a branch
securing lip at the branch aperture of the first expandable
tubular member.

2. The method according to claim 1, where the second

catheter 1s an over-the-wire catheter.

3. The method according to claim 1, where the second
catheter 1s a fixed wire catheter.

4. The method according to claim 1, further comprising
delivering a second expandable tubular member having a
proximal end, a distal end and a longitudinal bore extending,
therethrough 1nto the branch aperture so that the distal end of
the second expandable tubular member 1s disposed within the
second lumen and the proximal end of the second expandable
tubular member 1s disposed within the branch aperture of the
first tubular member and the longitudinal bore of the second
expandable tubular member 1n fluid communication with the
longitudinal bore of the first expandable tubular member.

5. A method of delivering a stent to a bifurcated vessel
having a first lumen and a second lumen using a system, said
system comprising a fixed wire catheter having a proximal
end, a distal end and a first balloon disposed adjacent the
distal end and an over-the-wire catheter having a proximal
end, a distal end and a second balloon disposed adjacent the
distal end, whereby the over-the-wire catheter comprises a
guide wire and a first expandable tubular member 1s mounted
on the fixed wire catheter and the over-the-wire catheter, with
said first expandable tubular member having a proximal end
forming a stem portion, a distal end forming a first leg portion,
and a branch aperture disposed between the proximal end and
the distal end, the branch aperture communicating with the
longitudinal bore, wherein the over-the-wire catheters
extends through the longitudinal bore defined by the stem
portion and {first leg portion of the first expandable tubular
member and the fixed-wire catheter extends through the lon-
gitudinal bore defined by the stem portion of the first expand-
able tubular member and through the branch aperture, with
the method comprising:

a) delivering a guide wire 1nto the first lumen;

b) delivering the first expandable tubular member to the

first lumen of the biturcated vessel;

10

15

20

25

30

35

40

45

50

55

60

65

10

¢) inflating the balloon of the over-the-wire catheter 1n an
amount suflicient to secure the first expandable member
in the first lumen;

d) inflating the balloon of the fixed wire catheter 1n an
amount suificient to align the branch aperture with the
second lumen;

¢) removing the over-the-wire catheter;

f) delivering a second expandable tubular member
mounted on a third catheter, said second expandable
tubular member having a proximal end, a distal end and
a longitudinal bore extending therethrough, into the
branch aperture so that the distal end of the second
expandable tubular member 1s disposed within the sec-
ond lumen and the proximal end of the second expand-
able tubular member 1s disposed within the branch aper-
ture of the first tubular member, the longitudinal bore of
the second expandable tubular member 1n fluid commu-
nication with the longitudinal bore of the first expand-
able tubular member; and

o) mtlating the balloon of the third catheter to expand the
second expandable tubular member 1n an amount suili-
cient to secure the second expandable tubular member
within the lumen and within the branch aperture.

6. A system for delivering a stent comprising:

a) a first expandable tubular member having a proximal end
forming a stem portion, a distal end forming a first leg
portion and a longitudinal bore extending therethrough,
the first tubular member having a branch aperture dis-
posed between the proximal end and the distal end and
adapted to form a branch securing lip upon expansion of
a balloon catheter extending through the longitudinal
bore defined by the stem portion and through the branch
aperture;

b) a fixed wire catheter having proximal end, a distal end
and a first balloon disposed adjacent the distal end; and

¢) a second catheter having a proximal end, a distal end and
a second balloon disposed adjacent the distal end,
wherein one of the fixed wire catheter or second catheter
extends through the longitudinal bore defined by the
stem portion of the first expandable tubular member and
through the branch aperture and the other of said cath-
cters extends through the longitudinal bore defined by
the stem portion and first leg portion of the first expand-
able tubular member.

7. The system according to claim 6, further comprising;:

d) a second expandable tubular member mounted on a third
catheter having a proximal end, a distal end and a third
balloon disposed adjacent the distal end of said third
catheter, said second expandable tubular member having
a proximal end, a distal end and a longitudinal bore
therethrough and having a diameter permitting the
proximal end of the second expandable tubular member
to be securely disposed within the branch aperture of the
first tubular member upon expansion, with the longitu-
dinal bore of the second expandable tubular member 1n
fluid communication with the longitudinal bore of the
first longitudinal member.

8. The system according to claim 6, wherein the second

catheter comprises a fixed wire catheter.

9. The system according to claim 7, wherein the third
catheter comprises a {ixed wire catheter.

10. A method of delivering a stent using a system, said
system comprising a fixed wire catheter having a proximal
end, a distal end and a first balloon disposed adjacent the
distal end; a second catheter having a proximal end, a distal
end and a second balloon adjacent the distal end; and a first
expandable tubular member mounted on the fixed wire cath-
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eter and the second catheter, with said first tubular member
having proximal end forming a stem portion, a distal end
forming a first leg portion, a longitudinal bore extending
through the stem portion and the first leg portion, and a branch
aperture disposed between the proximal end and the distal
end, where the distal end of the fixed wire catheter extends
from the proximal end of the first tubular member through the
first leg portion and the distal end of the second catheter

extends from the proximal end of the first tubular member
through the branch aperture, the method comprising:

a) delivering the first expandable tubular member, fixed
wire balloon catheter and second balloon catheter to a
bifurcated vessel having a first lumen and a second
lumen;

b) advancing the distal end of the second catheter into the
second lumen; and
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¢)nflating the balloon of the second catheter suiliciently to
align the branch aperture with the second lumen and to
form a branch securing lip at the branch aperture of the
first expandable tubular member.

11. The method according to claim 10, further comprising
delivering a second expandable tubular member having a
proximal end, a distal end and a longitudinal bore extending
therethrough into the branch aperture so that the distal end of
the second expandable tubular member 1s disposed within the
second lumen and the proximal end of the second expandable
tubular member 1s disposed within the branch aperture of the
first tubular member and the longitudinal bore of the second
expandable tubular member 1n fluid communication with the
longitudinal bore of the first expandable tubular member.

12. The method according to claim 10, wherein the second
catheter comprises an over-the-wire catheter.

[,
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